Introduction
Despite the plethora of available antidepressants (.25 agents are currently approved for major depressive disorder [MDD] ), many patients discontinue treatment due to side effects. 1 Furthermore, a considerable proportion of patients fail to achieve remission submit your manuscript | www.dovepress.com
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Wang et al following initial treatment, eg, only 28% of patients in the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study achieved remission following treatment with citalopram. 2 Those patients who do not respond to their treatment or are unable to tolerate it may receive a number of different pharmacotherapies until the optimum one is identified. This suggests a need for new treatment options for patients with MDD.
Once-daily extended release quetiapine fumarate (quetiapine XR) is approved in the US and Europe for the treatment of schizophrenia, bipolar disorder (both bipolar mania and bipolar depression), and more recently as adjunctive treatment for patients with MDD who have had suboptimal response to antidepressant monotherapy. 3, 4 It is also licensed as a monotherapy for the treatment of MDD in some countries, including Australia and Canada. 5, 6 The present randomized, placebo-controlled study is part of the clinical development program investigating quetiapine XR in patients with MDD. To date, three acute monotherapy studies, [7] [8] [9] two acute adjunct studies, 10, 11 one maintenance study, 12 and one acute monotherapy study in the elderly 13 have reported positive efficacy and acceptable tolerability of quetiapine XR in patients with MDD.
The design of the current study (D1448C00004) was identical to study D1448C00003 7 : a modified fixed-dose design consisting of a fixed initial dose for 2 weeks followed by a doubling of the dose of randomized treatment for those patients not responding to therapy at week two. The modified fixed-dose design was intended to reflect both clinical practice and the recommendation that nonresponsive patients receive an increase in their medication dose. 14 The primary hypothesis of the current study was that quetiapine XR would be more effective than placebo in reducing Montgomery-Åsberg Depression Rating Scale (MADRS) total score from randomization to week eight in adult patients with MDD. However, in the primary analysis, neither quetiapine XR nor the active control escitalopram separated from placebo, which is an unexpected result, as both agents have demonstrated efficacy in this indication. In addition to presenting the results of the study, this article also discusses the most likely explanations for this failed study.
Patients and methods study design
This 10-week, multicenter, parallel-group, placebo-and active-controlled, double-blind, randomized, Phase III study (D1448C00004, Amber); 15 consisted of a 1-to 4-week enrollment/ washout period, an 8-week randomized treatment period, and a 2-week drug-discontinuation/tapering follow-up period.
The study was performed in accordance with the Declaration of Helsinki and International Conference on Harmonisation/Good Clinical Practice guidelines. All patients provided written informed consent.
Patients
Male or female outpatients (aged 18-65 years) with a documented diagnosis meeting the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria for MDD (single episode/recurrent) and confirmed by Mini-International Neuropsychiatric Interview 16 were eligible for inclusion in the study. Patients were required to have a Hamilton Rating Scale for Depression (HAM-D) 17 17-item total score $22 and HAM-D item 1 (depressed mood) score $2 at both enrollment and randomization.
Exclusion criteria included: diagnosis of any DSM-IV Axis I disorder other than MDD within 6 months prior to enrollment or any DSM-IV Axis II disorder impacting on the patient's current psychiatric status; a current depressive episode lasting .12 months or ,4 weeks in duration; a history of inadequate response to treatment (two or more classes of antidepressants each for $6 weeks) during the current depressive episode; a DSM-IV diagnosis of substance or alcohol abuse within 6 months prior to enrollment; a current serious suicidal or homicidal risk; a HAM-D item 3 (suicide) score $3 or a suicide attempt within the past 6 months; or a clinically relevant medical illness or clinically relevant findings (including laboratory tests or electrocardiogram [ECG] ).
randomization
Randomization was neither site-nor country-specific, and was generated using a computer-based system. Randomization numbers were allocated via a computer-based randomization system in a strictly sequential manner to assign patients to either quetiapine XR, escitalopram, or placebo in a ratio of 1:1:1. To ensure blinding, placebo tablets/capsules were identical in appearance, smell, and taste to their respective active-treatment (quetiapine XR or escitalopram) tablets/capsules. A double-dummy method was used, and the number of tablets/capsules dispensed was the same across all treatment groups. All study medication was administered orally once daily in the evening. 
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Quetiapine Xr monotherapy in MDD study medication and dosing schedule Dose titration for quetiapine XR was 50 mg on days one and two, increasing to 150 mg on days three to 14. Escitalopram was dosed at 10 mg/day on days one to 14. At day 15, (week two), all patients with an inadequate response (,20% reduction from randomization in MADRS 18 total score) had their dose doubled (quetiapine XR 300 mg/day; escitalopram 20 mg/day). The daily dose of escitalopram was based on prescribing information and the European Medicines Agency guidelines that recommend that an adequate dose of antidepressant is used in clinical trials. 19, 20 Investigators were not informed of the criteria for dose increase and an interactive voice-response system (IVRS) was used to blind dose increases. After week two, patients continued to receive their assigned doses for the remaining randomized treatment period. The initial dosage and up-titration of escitalopram was in accordance with the prescribing information. 20 At the end of week eight (day 57), patients receiving quetiapine XR 150 mg/day or escitalopram 10 mg/day discontinued active treatment and took placebo until day 63 (post-treatment day six) to maintain the study blinding. Patients receiving quetiapine XR 300 mg/day or escitalopram 20 mg/day had their dose down-titrated to 150 mg/day or 10 mg/day, respectively, from day 57 until day 63. From day 64, patients received no treatment.
Prior and concomitant treatment
Prior to randomization, patients were not permitted to receive: antipsychotics, mood stabilizers, or antidepressants within 7 days; monoamine oxidase inhibitors, anxiolytics, drugs that induce or inhibit the hepatic metabolizing cytochrome P450 3A4 enzymes, or hypnotics within 14 days; fluoxetine within 28 days; a depot antipsychotic injection within two dosing intervals prior to randomization; or electroconvulsive therapy within 90 days.
During the study, lorazepam (2 mg/day or equivalent), zolpidem tartrate (10 mg/day), zaleplon (20 mg/day), zopiclone (7.5 mg/day), or chloral hydrate (1 g/day) were permitted for insomnia if treatment had been ongoing for 28 days prior to enrollment. Anticholinergics could be used to treat emergent extrapyramidal symptoms (EPS), but not prophylactically. Patients were permitted to receive psychotherapy during the study if it had been ongoing for $3 months prior to randomization. During the active-treatment period of the study, other psychoactive medications were not permitted. During the second week of the follow-up period (days 64-71), physicians could prescribe other medications, including alternative antidepressants, if clinically warranted.
Efficacy evaluations
The primary efficacy variable was the change from randomization to week eight in MADRS total score. To reduce the likelihood of rater-associated inflation of primary efficacy scale scores, HAM-D assessments comprised part of the inclusion criteria, but the primary efficacy end point utilized the MADRS scale.
Additional efficacy evaluations included change from randomization to each assessment in MADRS total score, change in individual MADRS items at week eight, MADRS response ($50% reduction from randomization in MADRS total score) at weeks one and eight, the proportion of patients with a Clinical Global Impressions -Improvement (CGI-I) 21 score of 1 ("very much improved") or 2 ("much improved"), and MADRS remission (total score #8) rates at week eight. Additional definitions of remission were MADRS total scores of #10 and #12 (analyzed post hoc). Changes from randomization at week 8 in HAM-D total and item 1 (depressed mood) scores, Hamilton Rating Scale for Anxiety (HAM-A) 22 total, and psychic and somatic cluster scores and CGI -Severity of Illness (CGI-S) score 21 were also evaluated. Clinical assessments of MADRS, HAM-A, and CGI-S total scores were conducted on day one (randomization), and at weeks one, two, four, six, and eight. In addition, CGI-S total score was assessed at enrollment (baseline). HAM-D scores were determined at enrollment, day one, and week eight. CGI-I scores were recorded at weeks one, two, four, six, and eight. Where possible, the same trained rater conducted all assessments for a given patient for a specific scale, to reduce scoring variability among raters. Raters received computer-based training (provided by PharmaStar/UBC) and needed to be certified as a qualified rater by the sponsor. High levels of interrater agreement were demonstrated for MADRS baseline (κ=0.826) and follow-up (κ=0.861) assessments.
Patient-reported outcomes
Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) 23 -short form (SF) and Pittsburgh Sleep Quality Index (PSQI) 24 were assessed at randomization and weeks four and eight. Change from randomization to week eight in Q-LES-Q (items [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] percentage maximum total, item 15 (satisfaction with medication), and item 16 (overall quality of life) scores were reported. To examine whether the outcome of the study was affected by various factors, analyses of the primary end point were carried out for patient subgroups, including age, sex, ethnicity, disease severity, and continent/country. Response rates at week eight were also analyzed by continent/country (Asia, Europe, North America, and South Africa).
safety and tolerability
The incidence, severity, and withdrawal due to adverse events (AEs) were recorded throughout the study. Assessment of serum glucose (fasting), lipid (fasting), and prolactin levels, and twelve-lead ECG recordings were performed at enrollment and week eight (fasting serum glucose was also assessed at week four). Body weight and vital signs were measured at enrollment and all subsequent visits up to week eight.
The Simpson-Angus Scale (SAS) 25 and Barnes Akathisia Rating Scale (BARS) 26 were used to assess EPS at randomization, week four, and week eight. The self-administered, 14-item Changes in Sexual Functioning Questionnaire (CSFQ) was assessed at randomization, week four, and week eight, and was used to measure illness-and medicationrelated changes in sexual functioning, with males and females completing separate versions. 27 During the 2-week, post-treatment, drug-discontinuation follow-up phase, treatment discontinuation signs and symptoms (TDSS) were assessed using an 18-item TDSS scale, which was developed by AstraZeneca as a hybrid of the 17-item discontinuation AE scale 28 and the 43-item discontinuation emergent signs and symptoms scale. 29 Patients completing the randomized period were asked to rate discontinuation symptoms using the TDSS scale. Patients completed the TDSS by IVRS at the study center during the final randomized treatment period visit (day 57) and on post-treatment days seven and 14, and by telephone at home on post-treatment days one, three, and five. Patients were asked whether the symptom was "present" or "absent." TDSS total scores were calculated for each visit by summing the number of patient-reported treatment-emergent symptoms (TDSS items) present.
statistical analyses
The modified intent-to-treat (MITT) population (randomized patients who received one or more doses of study treatment and had randomization and one or more postrandomization MADRS total score assessments) was used for the analysis of primary and secondary efficacy variables. The safety population included patients who received one or more doses of study treatment. The TDSS population included patients who completed 8 weeks of double-blind treatment and had baseline (week eight) and one or more postbaseline TDSS assessments.
Sample size was calculated to allow demonstration of a significant difference between quetiapine XR and placebo for the primary efficacy variable, and was achieved by assuming an anticipated difference of 3.5 units from placebo and a standard deviation (SD) of 9 for the change in MADRS total score from randomization at week eight. For a two-sided hypothesis test with a 5% significance level (α=0.05), a sample size of 140 evaluable patients per treatment group was required to ensure 90% power. Escitalopram was included as an active control for the purpose of assay sensitivity (ie, for comparison with placebo); the study was not powered to make any direct comparisons between quetiapine XR and escitalopram.
Analysis of the change from randomization at week eight in MADRS total score (primary efficacy variable) and Q-LES-Q-SF% maximum total score (secondary efficacy variable of particular interest) was conducted using an analysis of covariance (ANCOVA) model, including treatment (fixed effect), center (random effect), and baseline MADRS total score (covariate) as explanatory variables. A last observation carried forward (LOCF) approach was used for imputation of missing data. To assess the robustness of the primary analysis results, point estimates for the changes in MADRS total score were calculated at each time point for observed-case (OC) data using a mixed-model repeatedmeasures (MMRM) analysis that included center, treatment, baseline MADRS total score, visit, and treatment-by-visit interaction terms.
Type I error (α=0.05) was controlled using a sequential testing procedure for the two comparisons of primary interest. If the reduction in MADRS total score from randomization at week eight with quetiapine XR was significantly greater than with placebo, then the hypothesis relating to the change in Q-LES-Q-SF% maximum total score from randomization to week eight was to be tested. Any comparisons between escitalopram and placebo were not adjusted for multiplicity. 
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Quetiapine Xr monotherapy in MDD All other continuous efficacy variables were analyzed using the same ANCOVA model as the primary efficacy variable. MADRS response and remission rates were analyzed using logistic regression models, which included terms for center, treatment, and baseline MADRS total score. Model-based point estimates of odds ratios and 95% confidence intervals were reported. The number needed to treat (NNT) for MADRS responders was calculated using the formula: NNT = 100/(% responders with quetiapine XR − % responders with placebo).
Changes in Q-LES-Q overall quality of life (item 16) and satisfaction with medication (item 15) scores from randomization to week eight were presented by descriptive statistics. All statistical tests were two-sided with a significance level of 5% (unless otherwise specified), and with the exception of the primary efficacy variable and secondary efficacy variable of particular interest, were reported as nominal P-values.
Results
Patient population
This study was conducted at 54 centers in Canada, People's Republic of China, Finland, South Korea, Malaysia, Mexico, The Philippines, South Africa, and Spain between May 2006 and June 2007. In total, 660 patients were screened, and 471 eligible patients with MDD were randomized to receive quetiapine XR, escitalopram, or placebo. Of those randomized, 468 patients received treatment and were included in the safety-analysis set; the MITT population comprised 459 patients (nine patients were excluded due to missing randomization or postrandomization MADRS scores) ( The treatment groups were generally well balanced with respect to demographic and clinical characteristics (Table 1) . Overall, 68.2%, 75.2%, and 74.5%, respectively, of patients in the quetiapine XR, escitalopram, and placebo groups completed the randomized treatment phase; of these, 75.7%, 58.5%, and 62.4%, respectively, completed the 2-week follow-up period. The most common reasons for withdrawal during the randomized treatment period were an AE in the quetiapine XR group and "patient not willing to continue" in the escitalopram and placebo groups.
In the quetiapine XR (150 mg/day), escitalopram (10 mg/day), and placebo groups, 13.0% (20 of 154), 23 .7% (36 of 152), and 26.1% (40 of 153) of patients, respectively, met the criteria for inadequate response at week two and were up-titrated to double their initial randomized dose (MITT population). The mean (SD) daily dose was 139.8 (44.0) mg/day for quetiapine XR and 10.7 (3.0) mg/day for escitalopram during the randomized treatment period (safety population).
High levels of adherence to study medication (based on tablet counts consistent with $80% and #120% consumption of doses) were observed in each treatment cohort (97.4%, 96.7%, and 99.7% in the quetiapine XR, escitalopram, and placebo groups, respectively [MITT population]).
Prior and concomitant medication
Prior to randomization, 21.6% of patients were receiving benzodiazepines, 11.3% were receiving selective serotoninreuptake inhibitors, and 4.9% were receiving nonselective monoamine-reuptake inhibitors.
The proportions of patients who received concomitant sleep medication (hypnotics/sedatives) at some time during the randomized phase were 5.4%, 7.4%, and 7.3% in the quetiapine XR, escitalopram, and placebo groups, respectively; benzodiazepines were received at some time during the randomized phase by 15.3%, 22.2%, and 22.7% of patients, respectively. Anticholinergic use at some time during randomized treatment occurred in 5.4%, 2.8%, and 3.6% of patients in the quetiapine XR, escitalopram, and placebo groups, respectively.
Efficacy
At week eight, neither quetiapine XR nor escitalopram significantly reduced MADRS total scores from randomization (LOCF): least-squares mean (LSM) of −17.21 (P=0.174) and −16.73 (P=0.346), respectively, versus −15.61 for placebo (Figure 2A ), although at weeks two and four there was a significant effect of treatment (P,0.05 and P,0.01, respectively). 
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The mean changes from randomization to week eight in MADRS total score for quetiapine XR, escitalopram, and placebo, respectively, were −19.4, −19.8, and −18.3 for patients with an adequate response at week two, and −13.1, −8.3, and −10.3 for patients with an inadequate response at week two (Figure 3) .
Of the individual MADRS items, significant improvement at week eight was seen only in MADRS item 4 (reduced sleep) in the quetiapine XR group (LSM change −2.77; P,0.001) compared with placebo (−1.94) (Figure 4) .
With the exception of the PSQI, there were no statistically significant differences for quetiapine XR or escitalopram compared with placebo in any of the secondary end points ( Table 2 ). The NNT using MADRS response at week 8 was 10.6 for quetiapine XR and 11.3 for escitalopram compared with placebo. Post hoc analyses of remission rates at week eight using the criterion of MADRS total score #10 were 44.8% (P=0.376) for quetiapine XR, 48.0% (P=0.157) for escitalopram, and 40.5% for placebo; for MADRS total score #12, remission rates were 55.2% (P,0.05), 52.0% (P=0.146), and 44.4%, respectively.
Analysis of primary efficacy variable by MMrM analysis, patient subgroups, and continent/country
Using the MMRM analysis of OC data, LSM reductions in MADRS total score at week eight were quetiapine XR −20.00 (Figure 2B ).
Subgroup analyses of the primary efficacy variable did not reveal any discernible effects for age, sex, or disease severity (Table 3) ; the only statistically significant change in MADRS total score at week eight was for patients from Asia receiving escitalopram (−20.68; P,0.05 versus placebo [−15.57]). Analysis of the response rate at week eight by continent/country provided similar results to those for the change in the primary efficacy variable by continent/country at week 8 (Table 3) .
safety and tolerability
The overall incidence of AEs was 86.6% (quetiapine XR), 81.4% (escitalopram), and 73.5% (placebo); serious AEs were reported by four (2.5%), three (1.9%), and one (0.6%) patients, respectively. Two serious AEs were considered treatment related by the study investigator (depression and suicide attempt) and occurred in one patient (who had not received a dose increase) in the quetiapine XR group, and led to the withdrawal of the patient from the study. Treatment-related AEs were reported by 79.6%, 67.9%, and 52.3% of patients in the quetiapine XR, escitalopram, and placebo treatment groups, respectively. There were no deaths in this study.
The proportion of patients who discontinued due to an AE was 15.9%, 7.1%, and 4.5% for quetiapine XR, escitalopram, and placebo, respectively. The most frequently reported 
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Quetiapine Xr monotherapy in MDD AEs leading to discontinuation were: sedation and dizziness (each n=5) with quetiapine XR; nausea (n=3), dizziness, and depressed mood (each n=2) with escitalopram; and palpitations and insomnia (each n=3) with placebo. The most common AEs (.5% in any group) and AEs of special interest (EPS, sexual dysfunction, suicidality, somnolence, and nausea and vomiting) are shown in Table 4 .
ePs At the end of treatment, 87.6%, 91.7%, and 91.1% of patients in the quetiapine XR, escitalopram, and placebo groups, respectively, experienced an improvement/no change in SAS total scores; 96.6%, 94.5%, and 95.9% of patients, respectively, experienced an improvement/no change in BARS global scores.
sexual dysfunction
For males, mean improvement from randomization in CSFQ total score at end of treatment was 2.5 with quetiapine XR, 2.4 with escitalopram, and 0.6 with placebo; for females, these changes were 2.4, 1.4, and 1.6, respectively.
suicidality
AEs potentially related to suicidality were reported in four patients: two in the quetiapine XR group (suicide attempt and suicide ideation), which were considered treatment related, and two in the escitalopram group (suicidal behavior and suicide ideation), which were considered not to be treatment related. All four patients were withdrawn from the study. The proportions of patients with an MADRS item 10 (suicidal thought) score $4 at any time following randomization were 2.7%, 4.8%, and 1.4% for quetiapine XR, escitalopram, and placebo, respectively (OC data).
somnolence
The majority of AEs potentially related to somnolence occurred within the first 4 days of treatment and were generally mild or moderate in intensity (87.0%-90.9%). Of the total number of patients reporting somnolence, 52.1%, 50.0%, and 40.0% reported this as an ongoing AE on the last day of treatment in the quetiapine XR, escitalopram, and placebo groups, respectively. The incidence of hypersomnia was higher in the quetiapine XR (5.7%) and escitalopram groups (1.3%) compared with placebo (0.6%) ( Table 4) .
Vital signs
Two patients each in the quetiapine XR and placebo groups had AEs of syncope; all AEs, except one in the quetiapine XR group, were considered treatment related. There were no notable differences in the mean changes from randomization to end of treatment in vital signs (including orthostatic Table 2 Change from randomization at week one and at week eight in secondary efficacy variables (MITT population, LOCF unless otherwise stated) and TDss total scores over time during the drug discontinuation/tapering follow-up phase (TDss population; Oc) 
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Quetiapine Xr monotherapy in MDD changes) or ECG results between treatment groups. Mean changes at end of treatment in supine pulse were +1.7, −3.0, and −2.0 bpm in the quetiapine XR, escitalopram, and placebo groups; mean changes in the QTc (Fridericia correction)
interval at week eight were −0.5, +4.0, and −1.1 milliseconds, respectively.
clinical laboratory parameters
One patient in the escitalopram group experienced an AE of decreased neutrophil count (,0.8 × 10 9 cells/L), which was neither serious nor considered related to study treatment. Eight AEs potentially related to diabetes mellitus (Medical Dictionary for Regulatory Affairs preferred terms: thirst, polyuria, and blood glucose increased) were reported during the study: thirst (four [2.5%]) and polyuria (one [0.6%]) in the quetiapine XR group; thirst and polyuria (one [0.6%] each) in the escitalopram group; and blood glucose increased (one [0.6%]) in the placebo group; of these, one AE (polyuria) in the escitalopram group was severe in intensity. Table 5 shows mean changes and clinically important shifts from normal to clinically important values (randomization to end of treatment) for clinical laboratory parameters, including glucose, lipid, and prolactin data. Mean changes (randomization to end of treatment) in confirmed fasting glucose were +0.4, +0.3, and +1.2 mg/dL in the quetiapine XR, escitalopram, and placebo groups, respectively; one (0.8%), three (2.4%), and three (2.5%) patients, respectively, had a clinically relevant increase in fasting glucose at treatment end. At treatment end, clinically relevant increases in total cholesterol were reported for four (3.7%), five (5.0%), and three (3.1%) patients, respectively, and clinically relevant increases in low-density lipoprotein cholesterol were reported for three (2.8%), four (3.9%), and four (3.9%) patients, respectively. Clinically relevant decreases in high-density lipoprotein cholesterol at treatment end occurred in eight (8.5%), six (6.3%), and three (3.2%) patients, respectively. The mean changes in triglyceride levels (randomization to treatment end) were +8.4, +3.6, and +3.6 mg/dL in the quetiapine XR, escitalopram, and placebo groups, respectively (Table 5) ; e encompassing anxious mood, behavior at interview, depressed mood, fears, insomnia, intellectual changes, and tension; f encompassing autonomic systems, cardiovascular, gastrointestinal, genitourinary, respiratory, somatic muscular, and somatic sensory; g patients receiving a dose of quetiapine Xr 300 mg/day or escitalopram 20 mg/day received 150 mg/day of quetiapine Xr and 10 mg/day of escitalopram, respectively, from day 57 to day 63/post-treatment day seven. Abbreviations: CI, confidence interval; CGI-I, Clinical Global Impressions -Improvement; CGI-S, CGI -Severity of Illness; HAM-A, Hamilton Rating Scale for Anxiety; haM-D, hamilton rating scale for Depression; lOcF, last observation carried forward; lsM, least-squares mean; MaDrs, Montgomery-Åsberg Depression rating scale; MITT, modified intent-to-treat; PSQI, Pittsburgh Sleep Quality Index; Q-LES-Q-SF, Quality of Life Enjoyment and Satisfaction Questionnaire -Short Form; SD, standard deviation; TDss, treatment discontinuation signs and symptoms. Notes: *P,0.05; **P,0.01 versus placebo for that subgroup; a n-values in parentheses refer to the number of patients assessed. Abbreviations: haM-D, hamilton rating scale for Depression; lOcF, last observation carried forward; lsM, least-squares mean; MaDrs, MontgomeryÅsberg Depression Rating Scale; MITT, modified intent-to-treat. submit your manuscript | www.dovepress.com
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Wang et al clinically important increases occurred in 14 (13.1%), eight (7.8%), and five (5.0%) patients, respectively.
Body weight
At the end of treatment, patients in the quetiapine XR, escitalopram, and placebo groups experienced a mean (SD) weight change of +0.6 (2.4), −0.1 (2.0), and −0.1 (1.9) kg (Table 5) ; the proportion of patients experiencing a $7% increase in weight was 1.9%, 3.2%, and 0.6%, respectively.
Two-week drug discontinuation/ tapering follow-up phase
The most common AEs (more than two patients) during the drug discontinuation/tapering follow-up phase were headache (n=6) in the quetiapine XR group and insomnia and nausea (each n=4), headache, dizziness, and The median times to first onset of somnolence were 2.0, 2.0, and 4.0 days for placebo, quetiapine Xr, and escitalopram, respectively; b includes aes with the MedDra terms akathisia, bradykinesia, dyskinesia, dystonia, extrapyramidal disorder, hypertonia, hypokinesia, muscle rigidity, psychomotor hyperactivity, restlessness, and tremor; c of these aes, one was severe in intensity -restlessness in the quetiapine Xr group; d includes aes with the MedDra terms anorgasmia, ejaculation failure, erectile dysfunction, libido decreased, and loss of libido; e of these aes (all occurred in male patients), two were severe in intensity -libido decreased and ejaculation failure, both in the escitalopram group; f includes aes with the MedDra-preferred terms suicidal behavior, suicidal ideation, and suicide attempt; g includes aes with the MedDra-preferred terms lethargy, sedation, sluggishness, and somnolence; h majority of aes were mild/moderate in intensity -there were eight aes in the quetiapine Xr group, three in the escitalopram group, and one in the placebo group that were of severe intensity; i includes aes with the MedDra-preferred terms nausea, regurgitation, and vomiting; j of these aes, six each in the quetiapine Xr and escitalopram groups and two in the placebo group were of severe intensity. Abbreviations: aes, adverse events; ePs, extrapyramidal symptoms; MedDra, Medical Dictionary for regulatory affairs. 
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Quetiapine Xr monotherapy in MDD in MADRS total score at week eight in quetiapine XRtreated patients was similar across the two studies (−17.21 and −16.49). However, the improvement in placebo-treated patients was larger in our study (−15.61) than in study D1448C00003 (−13.10), suggesting that placebo response may have accounted for the difference in outcomes. Similar improvements were observed in placebo-treated patients at weeks one to four across the two studies, including similar rates of placebo-treated patients requiring dose increases (approximately 26%). This observation suggests that any increases in placebo response for the current study occurred after the week four assessment. Failure to demonstrate efficacy may be affected by cultural and geographic factors, which have been reported to influence signal detection in mood-disorder studies, 34 as well as the number and characteristics of study sites. [35] [36] [37] The present study was undertaken in 54 centers in Finland, Spain, South Korea, Malaysia, People's Republic of China, The Philippines, Canada, Mexico, and South Africa, whereas study D1448C00003 was performed in 35 centers in the US, and thus results may have been affected by this variation in countries and study centers.
Literature suggests that study design and disease characteristics may play a part in increased placebo response. While the study designs were nearly identical, the probability of receiving placebo was lower (33%) in the current study compared to D1448C00003 (50%). Trials with a lower probability of receiving placebo have been reported to have higher placebo response rates. 38 Disease characteristics in the present study signaled a lack of depressive chronicity that (given shorter illness duration) has been associated with an increased placebo response in patients with MDD. 39, 40 Compared with study D1448C00003, more patients in the present study were experiencing a single (first) MDD episode (23.7% versus 10.0%, respectively), and patients had more recently experienced their first depressive episode (9.4 versus 13.6 years). Analyses of the primary end point by age, sex, baseline disease severity, and ethnicity did not reveal any discernible effects for these variables.
Quetiapine XR monotherapy was generally well tolerated in this study; the pattern of AEs was consistent with the known pharmacological profile of quetiapine. 3, 4 Although the tolerability profile of quetiapine XR was similar to that of previously published reports, the overall incidence of AEs in the placebo group (73.5%) appeared higher than that reported by Bortnick et al in study D1448C00003 7 for the placebo group (61.9%). Similarly, treatment-related AEs in the placebo group irritability (each n=3) in the escitalopram group. No AEs were reported by more than two patients in the placebo group.
Mean TDSS total scores are shown in Table 2 . The most pronounced signs and symptoms following quetiapine XR discontinuation related to insomnia, nausea, chills, headache, and muscle aches; other signs and symptoms noted for quetiapine XR were crying, agitation, sweating, muscle tension, fatigue, and vomiting. After discontinuation of escitalopram, signs and symptoms included crying, agitation, mood swings, vivid and unusual dreams, sweating, muscle aches, muscle tension, fatigue, and diarrhea.
Discussion
This study assessed the efficacy and tolerability of quetiapine XR monotherapy in patients with MDD. Although quetiapine XR (150/300 mg/day) monotherapy and escitalopram (10/20 mg/day) monotherapy both reduced depressive symptoms, significantly superior efficacy over placebo was not established for either agent for the primary efficacy analysis or for most secondary efficacy end points. Lack of superior efficacy over placebo with escitalopram at clinically efficacious doses indicates a lack of assay sensitivity in this study, and coupled with lack of separation from placebo with quetiapine XR, means that this is a failed study rather than a negative study (the latter being characterized by the study drug not separating from placebo while the other active treatment does). In addition, the discrepancy between the primary LOCF analysis and the OC data suggests that the primary analysis may not have been robust.
Failure to demonstrate statistical difference from placebo in antidepressant trials is not uncommon, with failure rates of up to 60% being reported. [30] [31] [32] [33] However, it is of note that of eight studies from a clinical development program evaluating the effectiveness of quetiapine XR in patients with MDD, this is the only failed study. [7] [8] [9] [10] [11] [12] [13] It is important that findings from negative/failed studies are reported and that the reasons underlying such outcomes are considered, as this may aid the design of future clinical studies.
The results from this failed international study are inconsistent with a previously reported US study of quetiapine XR (150/300 mg/day; D1448C00003) that used an identical modified fixed-dose design, but had no active control. 7 Bortnick et al 7 reported that quetiapine XR (150/300 mg/day) significantly improved depressive symptoms from week one onwards. The improvement 
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Wang et al (52.3%) of the present study were higher than those reported in study D1448C00003 7 for the placebo group (28.4%), and the proportion of patients who discontinued the treatment was higher in the present study (4.5%) compared to that reported in study D1448C00003 7 for the placebo group (2.6%). These higher rates of AEs and discontinuations are consistent with the higher placebo efficacy response observed in this study, possibly indicative of greater levels of expectation for patients in this study.
No new safety findings were noted for escitalopram. 20 Quetiapine XR was not associated with an increased incidence of AEs related to sexual dysfunction, QT prolongation, syncope, or neutropenia compared with placebo, nor with any notable changes in vital signs. A relationship between either quetiapine XR or escitalopram and increased suicidality could not be established in this study; black-box warnings about suicidality are required on package inserts for antidepressants. 41 There were no notable differences between treatment groups in mean changes from randomization for any clinical laboratory parameters in this study; however, there was a greater incidence in shifts to clinically important high triglyceride levels in the quetiapine XR group compared with placebo and escitalopram. In the quetiapine XR group, body weight changes were consistent with those reported previously in patients with MDD receiving quetiapine XR as acute monotherapy. [7] [8] [9] Clinical recommendations advise serum glucose, lipid, and insulin levels and body weight/body mass index are assessed during antipsychotic treatment. 42 Study limitations include the short study duration and exclusion of patients with comorbidities. Furthermore, the study design precluded comparison of quetiapine XR 150 versus 300 mg/day, as it mimicked medication titration used in clinical practice when a patient does not respond to the initial treatment dose. However, patients in the study may have required different dose adjustments than those allowed by the modified fixed-dose study design. Furthermore, restrictions on concomitant medications are not reflective of clinical practice. The discrepancy between LOCF and OC analyses may be due to a possible bias of the LOCF analysis towards initial values at randomization; however, an analysis to investigate this further was beyond the scope of this report.
In summary, neither quetiapine XR (150/300 mg/day) nor the active comparator escitalopram (10/20 mg/day) demonstrated statistically significant separation from placebo in the primary efficacy outcome variable in this study. The placebo response observed here may have contributed to the lack of significant differences for quetiapine XR and the active control escitalopram compared with placebo.
